Risk Analysis of BOT Scheme on Post-construction Toll Road  by Suseno, Yudi Harto et al.
 Procedia Engineering  125 ( 2015 )  117 – 123 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5)
doi: 10.1016/j.proeng.2015.11.018 
ScienceDirect
The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5) 
Risk analysis of BOT scheme on post-construction toll road 
Yudi Harto Susenoa, Muhammad Agung Wibowoa, Bagus Hario Setiadjia,* 
aDiponegoro University, Jl. Prof. Soedarto, SH., Semarang 50275, Indonesia 
Abstract 
Construction of the first toll road in Indonesia, namely Jagorawi connecting Jakarta and Bogor, started in 1973 and operated in 
1978. In further developments, since 1987, the government provides an opportunity for the private companies to manage toll-
road through a public private partnership (PPP) with Build Operate Transfer (BOT) scheme. Using this scheme, the private 
sectors build, operate at their own expense and after the period of the concession, they should hand it back to the government. In 
the construction phase, all the risks that must be handled by the private sectors (either in the form of financial or technical one) 
generally have be planned and managed, but not the ones occurred during post-construction (operational) phase, where a lot of 
them are often unexpected or unpredictable. The purpose of this study was to analyze how the post-construction risk management 
applied to the toll road with Build Operate Transfer (BOT) scheme from the operator’s point of view. In this study, the risk of 
post-construction of toll roads were mapped and evaluated. For this purpose, risk identification, risk levels and strategies in 
response to the risks that occur in the post-construction were performed. Two relatively new toll roads opened to the public, i.e. 
Semarang -Solo toll road section 1 and 2; and Kanci – Pejagan toll road, were selected as case studies. The process of data 
collection was done by means of questionnaires and interviews to the parties concerned. The method used for the analysis of risk 
management was Risk Breakdown Structure (RBS). Data were analyzed by ranking the risks and risk responses, and then the 
proposed risk management strategies were selected. The results of this study indicated that the highest risk that may occur in 
Semarang - Solo toll road section 1 was associated with less effective maintenance of damaged surface of the road so that it 
contributed on the increase of the overhead cost. On the other hand, the highest risk for Kanci – Pejagan toll road was the 
unexpected projected revenue in the business plan. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
Toll road is a public road that is a part of the national road network system and playing a significant role in the 
development of certain region. The road collects a fee (or toll) from the travelers to help the implementation of the 
road maintenance and rehabilitation. The first toll road in Indonesia was constructed in 1973, namely Jagorawi, 
which reflected the names of regions connected (i.e. Jakarta – Bogor – Ciawi). This toll road was launched in 1978 
and operated through establishing a state-owned enterprise, namely PT. Jasa Marga. 
After more than 40 years, tens of toll roads have been constructed and operated by PT. Jasa Marga and several 
private companies under a public private partnership (PPP) with build, operate and transfer (BOT) scheme. Under 
this scheme, the companies have to realize that toll road has high risk due to the uncertainty in many aspects; 
especially after its construction (e.g. operating costs as well as the predicted revenue that will be obtained). In order 
to operate the roads properly, toll road operators need to perform risk analysis on their assets to ensure that the 
possible risks arising during operation period are still under the ability to cope. 
The objective of this research was to identify the risk and apply risk analysis on post-construction period of toll 
roads. The analysis was applied on two toll roads in Java island which were constructed and operated under BOT 
scheme, i.e. Semarang – Solo toll road sections 1 and 2 (Semarang – Bawen) and Kanci – Pejagan toll road. 
Semarang-Solo toll road is considered as a solution for high demand of movements between two important regions 
in Central Java province, i.e. Semarang and Solo. Total length of the road is 72.64 km, while sections 1 and 2 are 
29.6 km long. Sections 1 and 2 were opened to traffic in 2010, and the rest is still under construction. On the other 
hand, Kanci – Pejagan toll road (with length of 35 km and launched in 2010) was continuation of the previous one, 
Palimanan – Kanci toll road. As a whole, Palimanan – Pejagan toll road serves travellers passing through two 
provinces, West Java and Central Java. Both roads (see Fig. 1) are parts of Java island toll-road network, from 
Jakarta to Surabaya, and are expected to bear most of the burden of traffic in North Java Coastal (Pantura) arterial 
road. 
In this study, the risk identification and classification was conducted based on risk breakdown structure (RBS) 
method. The kinds of risk after construction considered in this study were related with the following aspects:  
financial, economic, technical, and other aspects related to the period of post-construction of the toll road. 
2. Literature Review 
2.1. Risk 
Sonhadji [1] stated that risk consists of two interrelated elements: (i) incident that has probability, and (ii) 
consequence that causes impact. Risk management is a form of management of the risk to minimize any bad 
consequences that might occur through risk planning, identification, analysis, handling and control [2]. To ease 
managing risk, it is possible to quantify the elements of the risk by assigning certain scale on the elements. Sonhadji 
[1] proposed scale of the risk between 1 and 5, along with the range of the values of probability and impact within 
(0, 1), as depicted in Table 1. 
 
Table 1. Scale of risk and its corresponding range of values for each element of risk [1] 
Elements of risk 
Scale of risk  
1 2 3 4 5 
Probability (X) 0 d X < 0.2 0.2 d X < 0.4 0.4 d X < 0.6 0.6 d X < 0.8 0.8 d X d 1.0 
Impact (Y) 0 d Y < 0.05 0.05 d Y < 0.10 0.10 d Y < 0.15 0.15 d Y < 0.20 Y t 0.20 
 
2.2. Severity Index (SI)  
In this study, severity Index is a proposed scale that represents the different scale of probability and impact 
provided by respondents. Severity index for Probability (P) and Impact (I) can be calculated using the following 
formula [3]: 
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 i = 0,1, 2, 3, 4 (1) 
 
in which: ai = constants related with assessment; xi = respondent frequency answering ai 
Once SI for probability (Y) and impact (X) are calculated, the risk can be determined as a product of SI from the 
two elements [4] and plotted in Fig. 2 to determine the severity level of the risk. 
 
 
Fig. 1 (a) Kanci – Pejagan toll road; (b) Semarang – Solo toll road, sections 1 and 2 (Semarang – Bawen) 
2.3. Risk Breakdown Structure (RBS) 
Risk breakdown structure is very useful to identify and classify any possible risk on a certain project. This 
method will list the categories and sub-categories within which risks may arise. One benefit of the use of this 
method is to remind one in a risk identification exercise of the many sources from which project risk may arise. Fig. 
3 shows the example of risk breakdown structure used in this study. 
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Fig. 2. Probability – Impact matrix 
3. Research Methodology  
The methodology of this study consisted of four main parts as follows. 
a) Risk identification and classification on post-construction toll road – to obtain proper information on the 
possibility risks and their causes, twenty authorized officers from both toll road operators and also government 
parties (in this case toll road regulatory agency or BPJT) were interviewed to determine the risk categories and 
sub-categories. Besides, literature review and references from previous researches were also conducted to 
improve the information of the typical risk occurred after construction stage. 
 
 
 
Fig. 3. Risk breakdown structure (RBS) used in this study 
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b) Risk analysis - in the questionnaire survey, each respondent gave response on thirty risk sub-categories proposed, 
each sub-category consists of two risk elements, i.e. probability and impact. The severity index for each sub-
category in terms of its corresponding probability and impact was calculated using equation (1) based on the 
group of respondent’s response. The indices for probability and impact then were plotted in probability – impact 
matrix (Fig. 2) to determine the severity level of the risk. 
c) Risk response – the response against risk can be different, i.e. accepting or avoiding the risk. Different kinds of 
action need to be performed by the operators to minimize the probability of the risk and alleviate or relieve the 
impact of the risk. 
4. Results and Analysis 
4.1. Risk identification and classification 
Five risk categories (as shown in Fig. 3) and thirty risk sub-categories on post-construction toll road were 
identified and classified from literatures [5, 6], previous researches [2,7] and preliminary discussion with toll road 
operators. The five risk categories used in this study are economic aspect, financial aspect, technical aspect, business 
plan and force majeure, while the list of risk sub-categories can be seen in the following table. 
  
Table 2. Risk identification and classification 
No. Categories and Sub-categories of Risks  No. Categories and Sub-categories of Risks 
A. Economic aspect  C. Technical aspect (continuation) 
A1. The difficulty to obtain loan fund for operational cost  C3. Inaccurate estimation of road maintenance cost 
A2. Depreciation of the exchange rate  C4. Road defects cause the road function is not optimal 
A3. The increase of the material prices for operational and   C5. Road maintenance and traffic management as a result of the  
 maintenance   increase of accident rate 
A4. Foreign currency cannot be repatriated  C6. The absence of network connectivity before and after the toll 
road 
A5. Restriction on capital transactions  C7. Restriction of traffic volume entering the road 
A6. Change in finance cost against currency fluctuation  C8. Congestion at exit due to traffic jam at the connecting road 
A7. Fluctuations in exchange rate  C9. Lack of enforcement against overloaded vehicles 
B. Financial aspect  D. Business plan 
B1. Inflation  D1. Change of business plan as a result of change of scope 
B2. Devaluation  D2. Cash flow calculation is out of expectation 
B3. Change in monetary policy  D3. Revenue projection in business plan is out of expectation 
B4. The decrease of asset value  D4. Inaccurate estimation of initial toll rate 
B5. The increase of tax  E. Force majeure 
B6. The presence of progressive rates for overloaded 
vehicles 
 E1. Earthquake 
C. Technical aspect  E2. Flood 
C1. Land subsidence due to excessive loads  E3. Landslide 
C2. High overhead cost due to less effective in maintenance  E4. Infrastructure damage caused by irresponsible people 
     
4.2. Risk Analysis 
Fig. 4 shows the severity index (SI) for probability and impact of thirty risk sub-categories identified in previous 
section. The blue-circle and red-rectangle markers represent SI for risk occurred on Semarang - Solo, section 1and 2 
and Kanci – Pejagan toll roads, respectively. The indices have scattered plot and show an increasing trend, for risks 
occurred on both toll road.The percentage of each severity level of risk is depicted in Table 3. Fig. 4 and Table 3 
indicate that the severity level of the risk occurred on two toll roads with BOT scheme has different pattern.The 
following comments can be made. 
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x BOT scheme could cause many kinds of risk that is unpredictable during the construction period and some risks 
are difficult to cope by the operators. 
x Most of risk occurred on post-construction of Semarang – Solo toll road section 1 and 2 was dominated by low 
level of severity, while more than fifty percent of risk on Kanci – Pejagan toll road were those from medium and 
high level; 
x None of the operators of the toll roads put the financial aspect and force majeure (indicates by notation B and E, 
respectively, in Fig. 4) as categories that need a serious attention. All sub-categories of both categories were in 
low-risk segment; 
 
Fig. 4. Risk matrices on different aspects of post-construction of two toll road studied 
 
Table 3. Level of severity of the risk for the two toll road studied 
Risk level 
of severity 
No. and percentage of categories in different level of severity of the risk 
Remarks  
Semarang - Solo toll road, section 1 and 2 Kanci – Pejagan toll road 
Heavy 1 (3.33% ) 9 (30.00%) Avoided 
Moderate 10 (33.33%) 8 (26.67%) Mitigation 
Low 19 (63.33%) 13 (43.33%) Accepted 
Amount 30 (100%) 30 (100%) 
x Both operators acknowledge that the most problematic risk came from high overhead cost due to less effective 
maintenance action (as shown as C2k and C2s in Fig. 4). This could contribute by inaccurate estimation of 
maintenance cost (C3) and the presence of road defects (C4). The operator of Kanci – Pejagan toll road 
categorized these cause as non-tolerable (high risk), while the operator of Semarang – Solo toll road still could 
mitigate this risk; 
x Another severe problem encountered by the operator of Kanci – Pejagan toll road was about business plan. Less 
income was obtained (D3) due to high toll rate (D4) and less traffic demand as a result of many defects found on 
the road surface (C4). 
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4.3. Risk Response 
From the questionnaire survey, the operators conveyed the response against the risk were as follows. 
x For low level, both operators could accept all risk in this level during post-construction period. The activities 
performed included monitoring and reviewing the probability and the impact of each risk sub-categories, and 
ensuring that there is no change of the risk to higher level of severity;    
x For medium level, both operators cannot accept the risks; however, the operators could conduct mitigation 
towards the risks in order to alleviate the impact of the risk against operation and maintenance activities. The 
mitigation process may not run as expected due to the risk sometimes was contributed by external parties, for 
example, market demand drove the currency exchange rate; 
x For high level, both operators also cannot accept the risk. The operators should maximize the efforts to avoid the 
risk entering this level. However, if this level of the risk occurred, the operators need to conduct structured and 
specific actions in order to reduce the probability and impact of the risk on the operation and maintenance 
activities so that the risk could be tolerated. The actions may take times and need cooperation with authorized 
parties. For instance, to minimize the risk of unexpected projection of business plan, the operator of Kanci – 
Pejagan toll road changed the agreement with toll road regulatory agency (BPJT) in order to confirm more 
reasonable income in the future. 
5. Conclusions 
This paper presented the risk analysis of different risk categories that could be emerged after the construction 
stage of two toll roads, i.e. Semarang – Solo section 1 and 2; and Kanci Pejagan toll roads. Five risk categories and 
thirty risk sub-categories were identified and classified. The analysis was conducted by assessing the probability and 
impact of each risk sub-categories, and severity index for probability and impact of the risk was resulted as 
combination of responses from a group of respondents from the toll road operators. The product of probability and 
impact then determine the severity level of the risk. 
The results of the analysis indicated that BOT scheme could cause unpredictable risks. In addition, different 
severe risks were encountered by the operators from the two toll roads. The operator of Semarang – Solo toll road 
section 1 and 2 found that high overhead cost due to less effective maintenance is only the non-tolerable risk 
encountered so far. Beside this risk, the operator of Kanci – Pejagan toll road also found that unexpected projection 
of business plan is another high risk occurred. To alleviate the risk, both operators agreed that structured and 
specified actions are important to be planned and cooperation with authorized parties was required. 
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